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Nam-ik Baik, Se-Jong Lee"
Dept. of Materials Sci. & Engr, Sunmoon University, Chungnam, Asan-Shi, Korea
*Dept. of Materials Sci. & Engr. Kyungsung University, Pusan, Korea

- ABSTRACT

This paper presents an investigation why Mn-steel high pressure gas cylinders have been failed
in service. The fractured cylinders have been collected to identify the reason of the failure using
various methods. The undamaged, new cylinder has also been tested for the base data. We
examined the chemical compositions and fracture facets as well as the mechanical properties of
the vessels.

The microstructural observations of the fractured regions of the cylinder did not indicate the
noticeable defects which might cause the failure. The experiments of cylinders on the
compositinal and mechanical tests showed that the cylinder was in good shape according the
standards of gas pressure vessel. The morphological analysis of the fracture surfaces concluded
that the origin of the failure was the local weak segments induced by the external impact to the
cylinder, which result in a sudden, fast fracture.
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Fig. 1 Macrograph of the fractured gas
eylinder (specimen B)
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. 3 SEM micrographs of the fractured
surface (specimen A)

Fig. 2 Macrogrraphs of the fractured surfaces
(magnified 6 times to photo. 1 :
(a) bottom and (b)side wall

Fig. 4 EDS analysis at the surface of A
specimen
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Fig. 6 Micrograph of the fractured at the
thinner position (specimen B)
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Table 1. Chemical compositions of pressure gas cylinder materials fractured and a new

cylinder material(wt9%)

~Qmposition} Mn Si P S
specimen
new material 0.37 1.61 0.18 0.009 0.005
A specimen 0.40 1.67 0.087 0.013 001
B specimen 0.39 158 0.16 0.017 0.013
KS standard 035 ~ 135 ~ | 015 ~ below below
(Mn steel) 041 1.65 0.35 0.03 0.03
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Fig. 7 Micrographs of gas cylinder
materials : (a) B specimen and
(b) new gas cylinder.
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Table 2. Mechanical properties of two fractured specimens and a new gas cylinder

material

- , — i T
~ Mechdmcalr ‘ Yield UTS |Elongation| Yield Micro g
\w strength (ke/ni) | (%) ratio hardness

Specimen (kg/mm) | ° € (Hv)
A specimen - (72) I - - 210 - 225
B specimen 60.9 82.9 19.2 0.73 220 - 245
new material 829 94.6 19.2 0.88 260 - 290
KS standard above 60 | above 75 | above 18 212 - 285

Table 3. Absorbed energies of a gas cylinder specimen(B) and a new material

Absorbed Energies(J/cn)
nergies - -
Specimen Room Temp. - 20 C
) (65, 65, 60) "(30.3, 35)
B specimen o
ave. 63.3 ave. 32.6
) (99.5, 99.75, 99.75) (75, 80)
New specimen - —
ave. 99.7 ave. 11.5
. . ave. above 69 ave. 33
Standard Spec. - . . .
22 each(KkS) 26 each(ISO)
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Fig. 8 Micrographs of cross section of
fractured surface (specimen A)

Fig. 8 Micrographs of cross section of
fractured surface (specimen B)
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Table 4. Depth of heat affected zone in A specimen
1 . ] T ,
position 1 A B j ¢ 4y D E F (:
. 1 12 703 10 06 -l0a | ok
. { . - . .
depth(mm); 07 = "y o5 | 12 |12 |07 | 12
Table 5. Depth of heat affected zone In B specimen
position § A B C D
depth(mm)} 0.4 - 1.0]0.2 05708 - 12102 - 06

&l Microvickers A=A & o] &-3lo] AGP9}
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Table 6. Microhardness variations of A specimen

A l B3 C D E F G
]
position | M | H ] MLPIOINGPH M H N H|N|H|NM]H
. 189 :113‘ 189 5431171 10431207 155012031500 1965131203 295
Micro- ; |
s | 7| "
< ness
AENESS 10 | 360 | 223 | 360 | 227 | 560 | 241 | 576 | 232 | 527 | 246 | 543 [246] 614
M matnx H : heat affected zone
Table 7. Microhardness variations of B specimen
A B C D
position hY! H M H M H M H
. 2231493 | 232 0 QU5 L o241 ) 527 | 241 | 565
Nicro - ’ i} i B - B N
hardness 4 o0 | 507 | oga | ed | 959 | 543 | 250 | 500
M matnx H : heat affected zone
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